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Recent new findings 

Self-selection experiments and feeding ecology 
studies show: 

• Close agreement in nutrient intake of 
domestic and wild cats 

– High protein, high fat, low carbohydrate 

• Dogs and wolves prefer/consume low 
carbohydrate diets  
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Recent new findings 

• Wolves are adaptive carnivores due to feast-famine 
lifestyle 

 

 

 

 

Protein (and protein quality) is becoming more 
important in optimal nutrition of domestic cats and 

dogs 
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The Maillard reaction 

• Non-enzymatic browning reaction 

• Involves a reducing sugar and amino acids (protein) 

– Sugars: glucose>maltose>lactose>fructose 

– Amino acids: free amino acids and protein bound 
esp. Lys, Arg, His, Trp  

• Provides flavour/colour to foods  

• Occurs during processing and storage of pet 
foods and pet food ingredients 

 



 

Louis-Camille 

Maillard 

(1878 - 1936) 

Photographed in 

his laboratory 

ca 1915 

1912 – 1916:  

He published 8 papers 

on his observations of 

colour changes on 

mixing amino acids and 

sugars. 

No one else took much 

interest in the reaction 

until 1950s 

 



John Hodge: 1914 -1996  

Maillard-Hodge Reaction? 

• Chemist at USDA Labs in Illinois (1941 – 1980) 

• His proposed mechanism for the chemistry of  
non-enzymic browning (or the “Maillard Reaction”) is 
largely unchanged after 60 years. 



Maillard/Hodge reaction 

 



The Maillard reaction 

• Physiological effects 
• Delayed protein turn-over and tissue repair 

• Binding to AGE Receptor 
– Oxidative stress 

– Vasoconstriction 

– Inflammatory responses 

• Contribute to pathogenesis of age-related 
diseases e.g. diabetes, renal/cardiovascular and 
neurodegenerative diseases,  

 



Pet food processing 

• 80 – 200 °C 

• 10-270 sec 

• High pressure 

• Expansion 

Pelleting 

Extrusion 
+ 

Drying 

Canning 
or 

sterilisation 

• 121 - 139°C 

• 10 -120 min 

• High pressure 

• Sterilising 

 

• 60 – 90 °C 

• 30-45 sec 

• Pressed through die 

• Compression 





Markers of the Maillard reaction 

• Furosine  
• originates from the hydrolysis of ε-N-deoxyketosyllysine 

• Carboxymethyllysine (CML) 

• Hydroxymethylfurfural 

• Difference between total and reactive lysine 
• Affects nutritional value 

 



Furosine Acid hydrolysis 



Maillard reaction in pet foods? 

• Only one report showing 
the presence of furosine 

• Storage increases [furosine] 



Furosine in pet foods (n=64) 
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CML in pet foods (n=64) 
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(Hull et al. 2012) 



HMF in pet foods (n=64) 
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Daily MRP intake  
Cats and dogs vs. humans 

Dog = 20 kg 
Cat = 4 kg 
Human = 70 kg 
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Lysinoalanine in petfoods 

• Amino acid formed during heat or alkali 
treatment 

Cysteine + serine  hydroalanine 

     + 

    lysine lysinoalanine 

 

 

  Dog (mg/kg dry matter)   Cat (mg/kg dry matter) 

  Extruded   Canned   Pelleted   Extruded   Canned 

  Junior Adult   Junior Adult   Junior Adult   Junior Adult   Junior Adult 

LAL Mean 7.76±0.63 6.41±1.19   5.80±0.64 7.64±1.06   6.14±0.89 10.24±1.82   5.55±0.78 7.23±0.82   6.77±1.41 7.32±1.29 

  Range 4.25-12.95 3.15-9.33   4.05-7.45 3.49-9.49   4.12-8.54 6.31-16.11   1.39-9.49 5.09-10.02   1.59-9.69 4.22-11.63 



MRPs in pet foods 

• Canned>pelleted>extruded 

• MRPs can originate from  

– raw materials (incl. palatability enhancer) 

– processing the food 

– drying 

– storage 

• LAL is not different between pet food types 

 

 



Petfood formulation 

• FEDIAF or AAFCO tables are commonly used to 
meet minimum nutrient requirement 

 

 

• Processing can have a major impact on the 
lysine content 

 



Furosine 

Lysine 

Acid hydrolysis 



Total vs. reactive lysine 

• Reactive lysine = lysine 
with a free ε–amino group 

Acid hydrolysis 



Total vs. reactive lysine in pet foods 

Dog foods 
Cat foods 

24% 

34% 



Bound lysine vs. pet food price 

 

Williams et al. (2006) J Nutr 136, 1998S-2000S 



Reactive lysine vs. minimal requirements 

 



Processing a moist pet food 
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Drying a dry canine food 

 



Steam pelleting of pet foods 

• Study design 

– Mash vs. Pelleted diet 

– Three die sizes (45, 65, 80 mm), 2 temp (65, 90°C) 

– Total lysine, reactive lysine, MRPs, pellet quality, ...) 

• Results   Mash Pelleted Experimental pellets 

  5 x 45 mm 5 x 65 mm 5 x 80 mm 

  65°C 90°C 65°C 90°C 65°C 90°C 

Total lysine (TL) 10.81 ± 0.20 10.71 ± 0.26 10.60 10.64 10.76 10.55 10.78 10.93 

Reactive lysine (RL) 9.55 ± 0.38 9.7 ± 0.39 9.59 9.35 9.73 9.57 9.96 10.00 

RL/TL ratio 0.88 0.90 0.90 0.88 0.90 0.91 0.92 0.92 



Pet food ingredients 

 
Ingredient Reactive/Total lysine ratio 

Soybean meal 0.77-1.00 

Fish meal 0.90-0.99 

Chicken meat  0.78 

Meat meal 0.77-0.84 

Meat and bone meal 0.64-0.96 

Maize 0.56-0.75 

Rice 0.83 

Wheat 0.78-0.90 



Protein digestibility in dogs 

• Use of total tract method (apparent faecal 
digestibilities) 

– CP digestibility in pet foods range from 71.0-
92.0 (mean 82.4%) 

• Amino acids are absorbed in the small 
intestine, not the large intestine 

• Amino acids are fermented in the large 
intestine 



Fermentation in the large intestine 

 



Protein digestibility in dogs 



Protein digestibility in dogs 
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Total tract vs. ileal digestiblity 
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Total tract vs. ileal digestiblity 
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Conclusions 

• Commercial pet foods contain high concentrations of 
Maillard reaction products 

• Cats and dogs consume significant amounts of MRPs 
daily (effects on health ?) 

• Reactive lysine is generally lower than total lysine, 
affecting  nutritional value of pet foods 

• The pelleting process does not appear to promote MRP 
formation (ingredient selection, storage) 



Take home messages 

• Importance of protein for optimal nutrition of 
cats and dogs is increasing 

• Pet food processing has a major impact on the 
protein quality of pet foods 

• Total tract digestiblity provides overestimates 
of protein quality 
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Lets see what Prof Beynen 
is going to say about what 

I need 

I hope he will say, 
 “dogs should eat more” 


